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i. oXm&ZtiX^Z £ k §r^mi:i-S»*« 1 KfE* 

[ffjfcJg 3 ] fififSfgrotg b a* 1 O /x mJWTT-fc 9 » * 
<£>8l£htfSh^0. 2xbt-fc9. ^ B9^5fffl 

[ffjfcJS 4 ] SfrfE^W® b # 1 0 ix m^TT'ifc «9 , ?» 
(DSggf^J 2 O n m«TT?fcS - £ Sr#® ir-TSft^ 2 

1-10 0 >^(6]|^ieoT^fig$^TV^Sr k&&®.k 

miri-SW*^ 2 TbM 5 o?v^ix^^fEtt©^t;«J^» 
l-l 2 0>Jj\ftlcl&oX&\-}tbtiX^Z>zk$:ftWLk 

[ts*s 8 ] < k tmsasffiro^Sffifa^fkife^ 

1-10 0 >*in]^f&oT^:ite>H. d»o, H5iE8t<£>l£ 
Wit £r*5MS t-r-SIS^ 7 xte 8 \z.%ffi.v>mWlo¥- 

m&m i o ] &E<Dfi£ftffiKma5 £ ask t>L<n 

sxs^5r. mm^o~k&¥f'&k-rz>mm*m-fc 

mxm 1 1 ] is** 1 9 vrfuwcja*©* 

t^tto^mmibtzzfe&m&m-tz&ftmTffimk 
frbttzzkzi&mkirzftytm+o 
imxm i 2 ] it&iEigfttif ^flPiti^w- bnt y y 
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1 1 \z%&m,<Dftftm* 0 

[000 1] 
[0 0 0 2] 

ED) *fc»4#feu— F^:*— K (tfiLD) W^fig 

m-i. mm&mi3.tef$.&&i (mocvds) , w k? 
>f K^ffiRKftjfe (HvpEft) *yttt^**tr^*v 

-^ffcB:l£ (MBEjfe) l^oT&teJiKlfiStg^ixTV^ 

[0003] mr<osmx\t.r^ir^mt^m^k (ej 

WL. s ids, ^ f^^SK^asttffl $ntv^, ± 
IBftfflS^o i of*,5t77^7l««Itt¥»* 

l o 9 ~ l o 10 c mr*<DWmfem*ft&-r & z.k&%ah 

[0 0 0 4] mffi. t77^7lSfiit*SMtt 
[0 0 0 5] i2§*S«(iJ:5Mt;^^^^fi)c«Sr 

[0006] v7T-4Tmm.w.±.\z. i mim®<nmky>>¥- 
frmw.±wt¥nmf8.& (cvd) *fc£ffl^Ts io 2 

^Sr^*i-So rM»2Igtt5„ i^V^T, S i O 

jet*©!) y^7 7-r-ftW^ffl<'^T^«6f)^p^ 
*-v£7l^U rHSr^3Xgi:-rs„ Jiiam3Xg 
^tf-^^r^rSffi^HVPESBrtJ-SBSIL, fg4 

50 ±IEWfi&ftXg«:SiS-r5 r ilUot, S4IIff 
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1^lf»*£»«^tt*2 p-Q-15, Nol (199 
7) p 2 6 6tfdijpn. J. Appl. Phys. 
Vol. 36 (1997) pp. L899) 0 -Hfi, 

frJWRJitt, SiOjJ:oTM^tWl:(«fi 

J»IRji<7>IO»l^fttt^^BSP«fp-Cric*b*6*. S i Or 
t, (s i o 2 g) £ffi«>5J; 5*ffi*fa^*>JS 

[0008] *fc, ^58 HJSJBWS^^ffiffMK^fS 

«Sl^S*2 p-Q- 1 4, Nol (1 9 9 7) p265 
0 2 <D-**9'<9 — l/%WttfX, MOCVDffil^i^G 

M^tltGaN^Mft (S i 0 2 ^*?<DmXl% 
±) ^Jtiiteffi««ttl 0 9 ~1 O l0 cm- 2 T~&Z><D\C 
Si OM±<0*:tlte 1 0 5 — 1 0 6 cm- 2 l^> 

[0 0 0 9] J:E*flS»#*#R«Jt*j5fe«- J:oT*fb 
[0 0 10] 

(OrtftBBBaSrKi-So bd»t>* l Xfia»fc*2Xe* 
SfcfcMB 2 igd^S 4 XS^ii!ifii6«S:*5E'***i^ 
Hd«ibSo «f^±iB*ixed*fe?B4XgSrfT5*ft"e 
tt2««o»*rt*«:*fl|ft< SixSo -^t^fi^i 
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±IBO#jfet?J««-«2XS-e»*bfcS i Ojf 1 

3pJB&S*t*o *fc, HttfcJB 2 »B 

JKSt LTflJ/H£*xSG a N«J±. jBlOOOt^Sft 

io [ooii] »b*^#R«aafel-J:<>rff»*ixfc 

[0 0 12] 

20 itWJStt, SS±^M$^ift»MM^WL, 
[0013] **wj-«s^ffc****«l3ett. HtrEDfl 

30 [0014] **w^«s^b*^**«5t«. mmm 

©fibdSl0KmHTTffc9, »Oi«Sh#h^0. 2 
xb"C*>9, 3&>o % »9^5*^*'fciBBB«>I©BldS2 o 

^*«c»Jttt, m^m<om b as 1 o * mKTt* o , « 

[0 0 15] **Wfc«S»b»^»ft«Stt. iiuEfS 
a*. iwESfbW^NMK 1-100 >^r^i-fe v o-c^ 

[0016] **««c:«s*{t;«*»««Jfi«:, ituE3£ 
<i-i 2 0>*rti^»o"C»3SSKW-b*fcv%ar 

t%W&t-tZ>o #«W^&fb4fe¥W<**ifi«\ 
tfc«IrES«©*ftBri*ft»*»#^b*9, SuE« 
W\ B9E*ib«J*»fr^» UT< 1-10 0 >^|p]fc» 

50 «¥«ft^lifii±. MEJSojBtt^aEflS****^^* 



(4) 

5 

[0017] *&m^%zmm*m-ttmmo>mmj5m 

[0 0 18] #3§9IM£SS$§7fciSiiPli> ±IB^ 

fabftzz-tzmmk-r&o io 
[ooi9] #3BWte«63B#jim4, m^^tm^-m 

*(WHg«f©IH«BJ«)«f*«W»fe«*l^Kd>«;< tt> l #t 

m^±co<4gW, JtvfrJdglftt bit, yyi?xh7 

[0020] «T{-, #3BW<z>K(3ffiKovvri8 8£/Bv-> 

TRWt5. 

[0021] &8 f-*5^T, Aqn**ig®|g ioo iazm 
i i 5(75^§jxfcSte-efc>?, ii i soom&izxy) 20 

mmmmi o oiKteg^^WKa^i&^T^ 

S» figPJKD^ft^^fl:^ 12 3 tim&LZnZ> z\k\S. 
1 1 J: 0 , l 2 4 KifcJBriiSivr 

m&i i 6&m~rz>o in 5<^>ji£gis(^>b^-ft;fe 
¥^i 2 saawaL-cvos. 

[0022] r©±5fc, «f+SS«&flj^5£ £fc:.fc 

-=>T\ ill 5 tflgBl 1 4 tOSSf-J:"?, 1115 

K-mtm^mfc 125 ^a* sj;nftt«ii5 <om 30 
p 5 figc 1 14 ja±jd^f B fiKft Lfciaaii©^*** 

Ml2 3i5i7f7^fiLt^«, i 
SPl 1 5«ofcJ:fcfci*±©ttfl^HMIKMIti 2 4WftS 

Bi^S LTV>*v>^fflSBi 1 6ds^j*S*t5 0 flSB l 
1 4 ^>P> 777^ft Itft fei±oift«i*IM 

124 iimxmmmm 1 0 0 t*b<oim (**-j©bgb* 

t, o»i 1 4fc»«a$*i,fca[ftn(i*iiKMii 2 3iit 
ft:**MMWR 1 2 4 £ Anifif 1 0 0 £ <z>m ic£ c 40 

*a»e>©«»«:£<*K^^*^»b*¥*fl*i 2 4 
oofg*j**!jsff *>ix* r £ J: 9 , SIS** &J£ilMtBi 
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fc. 

[0023] «ab««r^t;*¥i»{*1R^K:tt 

So *3BW#6©ttBtfcJ:ixtf» P ►> ? irofSJRI Oft 
Kxf'L^^tjpcoicoip'L^if Wffigft) 2 0 Ai m» 

[0 0 2 4] 1 1 6 IS. dbSB 114 ±.<omt 

/xml^Tt U i©8t£hSrh^0. 2xbtt5it 

[0 0 2 5] i<7>^£h£h^ b©£fl=*T? 

iX* < * ^{k^^af 12 5 Wit®*)* (5 1 Ay k*t£ < 

la***-?*, *fc, _LSBtfi:2iffiJWSi*©»b*«:EH: 

[0 0 2 6] LT< 1 - 1 

0 0 >*l»ll"ieotSK^IW^$^5r tlci-to 

Lxaificfri«ofcaisr^-r5i tic* a. t£o-c, am 

feSGaNtt, &EJi-ett^<b«J^*ft: (GaN) CD 
[1 1-2 0] j3fa\Z.1$TJXf&m (7^7/^*) "T5 

[0 0 2 7] *fc, «<OflSi9iS«<Of»HS«:$trJ: 5 

[0028] w, *wm#ici3V'»-c, ffitew&ow&m 

[0 0 2 9] 

^BJ-tiiW-rSo 
[0 0 3 0] (^liSco^flg l ) 13 l fi, *HJSo?^liJc 
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WL<0 [1 1-20] ^-fpj (G a Ng|{£2tbTfci: [1-1 
0 0] Jjfa) |:fiottSl l OSr?gfigUfcJ!nix«itK 
ffilOOt, iDX^itS^ 1 0 O <£>£jg|5 114 ±CG a 
N^y77ll 2 0WU *PXfitit&|£l 0 

a NBtl 2 1 £r 9 // m^ftSiirfcfllig^feft 

[0 0 3 1] uttosffi i xmm x^itMxmmm 

7>(7S^Cffi$:ffll/^ 0 H2 (a) fcMmXfl|ifi®R 
l0 0£>&ft:S£@£: x M2 (b) IJH2 (a) <z>±flBH 
Sr^bTV^o H2 4 , ^nx^at£^l 0 Ofi^TOJ: 

fi»*ua«-c*>S7^- h y y^9:?-f— safest© 

®/S£jh/fcSB|5 1 1 Ofcfc, fib = 6/im, $££h = 2 // 
mT% «&£*Kfi|SZ>f!gRR (I mm) L = l 2//mt*fc 

5 0 SMfui 1 (XDjjfaitv^T'tTmmz-tti'X [1 1 

-2 0] ;frrpJf£«?ricLfc 0 — t77^fTSffiOM 
® ( {1-10 0} ®) f^<o^&5ff[|§®ort<£>i 
Oi: LT*Dt>ixTV^ 0 tot, t77^TItoc® 
te-tf> [1 1-2 0] ^l«I^»oT*HttSr«F0 0 

[0032] xai Ufciijx«i5t*« 100 <z>»ig^ife 

fit, ±M7* y?77 ^—$Lm<Dm^ ^^7^ff 

>^8fc, y— apx, ;&®[jpx, 

^tr— (fib) ffiSrflJ^T^r^TSSSffiKi* 
*M 1 0S:7g/Sb"C&fiv\> XfE^^^h^^^- 

[0 0 3 3] *HJfc0y-C«\ fficofi(J^c7)S^ {1-10 
0} ® (M®) <z>§SMffi (*3lfi9*PX^J: «9S.tt^-Tv^ 

T»K«r*tp) £>S^Mf2 {1 
- 1 0 0} ® (M®) . {01-20}® (Rffi) , £> 

*^fc:fcfc { l l 0} Bas&tK £<z>J;5*ffi;£te£*5 

[0 0 3 4] D-7T"(Tmm-Zi'tZ> {1-10 

0} 0Bf*«^ff^5*/^y^^^Lfc»*fcatt^i~ 

i^^tk *<z>ffll®ds«tti:i--5r b&X$Z> 0 ^<D 
J:5 4^^^v^g?*Bi:4SB*ffii:LTB:, 
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(v^T^TmwL^ts) combat u-i 

0 0}® (M®) , {11-20}® (A®) . {00 

0 1}® (C®) . {01-12}® (R®) , 

mmm<Dm&\az (mi {001} ®^s> 9 . 

[0 0 3 5] JnXflKSXfil 0 OJtKMOCVD 

10 «*«it$r^-t-5XSi-o^TlftM-rs o @1 (H 
2) fc*+ADX«iiXKl 0 0 *r#«*«-e+»l^a5}#- 
U MOCVDSIWltyf^^Lfeo nlGaN 
mi 2 1 <Df&&m\Z^ H,^7a- <K SMSl 0 
2 S^T*. ^JPX«itS^l 00^1 0 5>m, 

^y— nv^bfeo Sfiia«*5 5oti:W 

1 I iKBfitlTTMG (Ml^f^yjrA) 10 
c c/m i n£ x Vg^fSft bTNH 3 5 0 0 0 c c/ 
m i n£rgtj&b, ^20 nm(£>G a N^:y ;7rJf 12 0 

[0 0 3 6] tfcfc, 10 0 OtCML, T 

MG ( 5 0 c c ) , NH 3 ( 5 0 0 0 c c ) t K^— ^ 
#£^-Cfc£SiH 4 (v-^) SrttJ&U nSGaNf 
1 2 1 £9 /zm£fcgLfc 0 

[0 0 3 7] n 1G a N§| 121 C0»^^ 3 // m^S^L 

1 6 8:8 LfcS* nlG a NR 1 2 1 ^Pfflfk 
L*ft«>fe 0 Sbt-^ftSrttW-. nlGaN)|12 10l| 
^•^5 9 M mTjtiiteffl[^*fttt#?| 1 0 7 c m- 2 S^^/^ 
30 o/t 0 

[0 0 3 8] f77^7SfiC@±i^xt^^v' 

tt^ (0 0 0 1) sapphire// (0 0 0 1 ) GaN. [ 1 
- 2 1 0] sapphire// [—1010] GaN-efe^n t 
^e>ixT*5 9. *S«. f-^z^TSStd^LT [1 1 
-2 0] 3jfa\Z.mU*M$L'tZ>^h\^ GaNClU 
fi [1-10 0] ^fft^»«l 1 0&&&l,fzZt\Cf£ 

*»ostEii[±^3isaj«*bfca[ft»**fr<7>< 1-10 

[0 0 3 9]lft»|«: (G a N) fit7r^7Sfi 
OCffiirt-Cttafbftl^Wff (G a N) £?5< 1 1 - 2 0 

ffi i <^>^ms«. K«<o*8B^fii2l vaS«i«±J;:fe*fifcft 

b 5 x 7 /w&fi<£>3g! *^>itv ^irj tc^r 

bT*iSft^r|nj^»oT«5iSK**uTV^5o 
50 »bTSiff*»t^?BfiKSixfcr ^l:i:oT, ^S3&s*tiK 
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[0 04 0] *|£K<Dtt;ffi l l-*v^r*PX*J6*«Jilc: 

ntfaotnlG a NJ^l 2 1 tt-t<Z>Btt JpXSKg 
*»#®££:7gj& Lfc r t Id J; 5 ^ =7 y ? *^SrB6Jh"t- 6 r 

t Siifeffi^*^ H3SSf- ft o fe 0 

[00411 HlOn SG a NJgl 12 1 ©^ffil^tbfc 
Jtiiteffi*«tt» 1 0 7 c m" 2 ^^ ~e<K« LT*5 
[0 0 4 2] J: ^ ^ 

^^ffi"CfP« * *t*:/S*BI8 \^±M<D^%m £ ft -5 

7^- h^^^sy-fe^ (pl) aije^^ixff, mtm^- 

[0 0 4 3] ±IEJDX«Jg*«±fcJgfig Lfc»<D«8lfi 

ttsr»<^««*siiiin u ic»4gffi««coffitt^ pthi t ft 

MT*i*m<DfflM£—3£k Lfcj&S. i&ORQIffiS: 20// 
Tfc-T5PS*9, *<©«»lfi^-rLt-«T?fcS^Kttft 

[0044] (mm<oj»m 2 ) xmrnwrnn 2 

P3— "CifcSo @ 3 2 1C J; o r f ^ ^ tlfc 

mummm^ 100 ^-To 
[0045] *ite^i2ii ^-yr^r&Wi<Dom 

±{zy~7T47m&<D [11-20] t [-2110] i 
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#fi]fc:»oT*ttl 1 1 *rJft*Lfc/WX*R£S«l 0 0 
t , *PX*5tSfe 10 0 aC_h^ n MG a 8 // mj& 

ft**fc*Jtd»feft5 0 2 t?f£§l 

Lfclnix«ifia« ioo tiuxfllitSS i o o Jifciig* 

[0 0 4 6] &&mmmk vx^^r^r&^cm^ 

ffl^fc c B 3 <Z>j&nX«jg£« 1 OOfiFI BSI^fffl 

1 1 lf3\ ffib = l *££h = 3 // mT\ WoRRI 

10 <DjlSlL=3 //mTfc5o rot tOfggpi 1 1 <D*|pJ 
T*Kte#LT [11-20] £ [-2 11 
0] #fi"C£>5 0 

[0 0 4 7] JUlSMffil 0 OIMOCVD^ 

Kffl^tnlGaNlg^MSUCo 69 3 OAPX« 
mm&Ll 0 0«r*T«»ME^T+»^i!fe*U MOCVD 
SIBrtfr-feyT 1 ^ ^^Ufco nlG a Nflgj^SftuM. H 
2 #*;7n*-tK 0 2 5t:T% JUflXffiitS^ 

loo^iom if-— -r/i'? y — ^^bfcc * 

i-. S«M*Sr 5 0 OTCfc-RT, I I I ^JS^t LTT 
20 MA (M;^f>l/7/V^!>A) 20cc/min£r, 
vmWMt LTNH 3 5 0 0 0 c c /m i n«r«J&U 
«)5 0nmOAlN/^777i«gHt :©fS 

[0 0 4 8] SHMioootmu T 

MG (50cc) , NH, (5000cc) t K^— 
»tfe5S i H 4 Sriftf&U nSGaNg 

8 // raMt^o 

[0049] mm<DMmi x+m^frj: 5^nsc a ni 

*SB1 1 lMS^SU:t^GaNgiaotil5 
ix. n®GaNlRdS5pm<bL*6«>feo $&^gS:3R 
tt^ nlG a NR<Dj?#aS 8 /z mgft-ejtiiteffioft* 
1 0 5 - 1 0*c m- 2 S^^ftofc 0 

[oo5o] *m&<DMffi2T?t*.mimiz*rirz>m(oi!&£ 

40 ott»Wft«S*s||JK^ffiio«^j:9 ^gg<ftor 
ftoT, «rt§P(-^t/^t^H 0 a ^ft^^^ft<i--5 - 

[oo5i] *niis«)»ffl-ctt, *^*rti35s** 

i - 2 o >Jjfa(DM& > t7r>f7SKocErt(: [l 

1-20]. [-2110], [1-210] ©3I# 




11 

«:WiLT*7T>fra6S^CBS±K*tti l l 
**fiUGaNfi, £ixb2il©#fa©#*i;:»LT 

[00 5 2] (£gffi<Z>fl£ffi 3 ) *HI£cD^Ji 3 ^JS 

r4rmm<i i-~2oxDmm^3m^x<D^\^ 

f-iLT3lcO< 1-10 0 >*l&J*TSr31Rbfc^:i; 
[0 0 5 3] m4\^m&<DMn3\c£oXM&£tlfz. 

Jwjimmmm 100 £^-r 0 #nj6<z>^ffi 3 is, ^ t 
4Tmm<Dcm±i^7y^Tmm<D [1 1-20] , 

[-2 110] t [1-2 10] Jjfa{CfeoTM1$l 1 
2 SrflJdi Lfc*nX«it»E 100^ ^PXHtigSte 1 0 
0 g±i^ nlG a Nf^r 8 mM^^cSit^b* 

6 0 £*Ti^ *IBfi^ffi3-efPKbfc*nx«ifiS«i 
te<^cga£rfliv^ 0 in 4 ©anx«jfi&R i o o nmm 

TS4E*ffi±jr?gj^Sttfeflti l 2te, t§b = l // m, 
m$ h = 2/i mT% jfc(Z>ffl]fiBcD— L = 4 // mt'fc 

So -^t^^Sti i 2©^ia^^r>f ratEJ^L 

[11-20] , [-2110] t [1-210] 

[0054] *mm<D]&n 3 isa^s l^g a n 

3 i^)* fpj(^)#^ C» I TSB 7 f 7/^ 

fitTv^5 0 Htto^ffi2^ra<Klci«8BO«$h 

[0055] *nm<Dffim 3 "e»&ttfcKiiteffi«** 

[oo56] (mm<DMM 4 > *mm<DMn 4 r*. jgjs 
m&j&n 4 -vim i^tzMT.mmmmz.<>^xwtw-tz> 0 

[0 0 5 7] 1 7 7 ^ 7 IfiMSi J 
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GaNt^)xt7^v/t/«H (0 1-10) sapp 
hire// (01-13) GaN, [0 00 1] sapphire/ 
/ [2- 1 - 1 0] GaN-Cfc5o ^T, Mm^^T-f 
rmmiZM tt [0 00 1] ;*f|RjK {1-100} ®3r 
^tfWSBSr, fcSVMS [2-1-1 0] ;*fiRjfc:»oT» 

Hiffi-CfcSMffi ( {1-10 0} ffi) Sr$A,-t?*3 9 , ^ 
Lfc«teW:*JS0>»tB 2 So 

[0 0 5 8] *HSS^Ii4(c:gnbT^g|5^#Sb = 2 // 

Kfi^S^^^l 0 6 -l 0 J cm- 2 i|t^of: 0 

fco **J6^?gJS4t?f*. ±I2^co?gffii-3coJ: 5 

mzttvxmmjjfat&-mi,x\,^j;\,\ mm<Dmm2 

<^ L/tfV -7°i/^f)^3t5SS(j: 

[0059] mmcomm 5 > ^ms^m 5 ^ 

i^, *^j»^ffi5^3KU^J!raX«ffl«4R^ov^TR 

[0 0 6 0] t77>f riSAB±l^ftft***t* 

*©M 0 B 0 ^fi^^ J: o Tf 7 7 Tift A® t G a N 
40 tOEiRjBi«^KT©2«^#ffi-r5 0 gp^, (2-1 
-10) sapphire// (0 0 0 1 ) GaN, [0 0 0 1] s 
apphire// [2 — 1-1 0 ] GaN. [01 — 10] sapp 
hire// [01-10] GaNt , (2-1-10) sapph 
ire// (0 0 0 1 ) GaN. [0 0 0 1] sapphire// 
[01-10] GaN, [01-10] sapphire// [2 
-1-10] GaNT-fcSo 8»#<OERlBB«Sr^tr^*^ 

So 

[00 6 1] xt^^i/ t ;l/igl0i^ ^^t^T 
>0 SSASIuIlt [0 0 0 1] ^faklzG) [0 0 0 1] 
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Xfat 3 2. 4° (D^m^, fcSl^te [01-10] 
rnJ^»oT»»SrJgfigf So ttt©2o©i«©*|pitt 
f7r>frSfi©»Bffit?fc5MSi ( {l-ioo} 
ffi) irR35 ( {0 1-12} ffi) Sr-ttb-Ptt-g-A/-c43 

[oo6 2] KXft<ofr\zmm&j&&LtzLitt\'zmm(D 

^t7r^7iffiAffiCSLT [0 0 0 1] *fp](C x * 
fctt-t© [0 0 0 1] Jjfat 3 2. 4° O^Mot 

tfc^M® ( {1-10 0} ffi) Srg-*, ^o-^^r^r 
ffio^ipjtt, f-^r>rrSSo*MffiT?&5RB5 ( {o 

1-12} ffi) Sr"&//T?^5 0 ^tlh(Djffa(DftJj&, 

[0 0 6 4] ^lft^*^»ffl*^Lfc»^tt|g2<?5 

S G *H^^ffi5CD-^^z>rrS^Affi^0^l: 0 ^^ 
Vir>^H«2^J:or»fenfc3»«ttl81IS^t8i irWl 

[oo65] (nas^ns 6 ) #jaficDjgjg 6 tt, mm 

Sfco^TRW-f s G if:7r>fTS4ERffi££{fc*¥» 

#"C&SGa Nir<Z>3Hf^^->^/UBiffif^ (011- 
2 ) sapphire// (2-1-10) GaN > [2 — 1-1 
0] sapphire// [0 1-10] GaNTrfcSo ££oT. 
t77^7SSR®CiU [2-1-10] ^ffofC 

{1-10 0} B«r^t>*«Sr»fiEfS 0 
■^7r^TK4Eo»Mffit?S>SMffi ( (1-100) 
ffi) S:^"ev^S 0 XfB#ft£^:7x^TX;&cORffiX 

*Cj:oT#e>ttfcjriiteffi**ttJ»l 0 7 ~1 0 8 c m" 2 
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[0066] (mm<Dmm 7 > *hjs^^is 7 «\ hjs 

H-SiC£S(^) (0 0 0 1) ffifc*3ELfc«#M*-LlE 

«Lfc^X«S£«fco^TfttWt-5 0 6H-S i CI 

(000 1) ffiilcaEfkft^flc-CfcSG a 
V**i'*/l'lli&£it1tm^ 6H-S i CSS (0 0 
0 1) mtG a Nt<D^\??3ci/irJUm&\*, (0 0 0 
10 1 ) 6H-SiC// (000 1) GaN. [2-1-10] 6H 
-SiC// [2-1-10] GaN x [01-10] sapphi 
re// [01-10] GaN-CfcS 0 
[0 0 6 7] tSoT. M6H-S i CSS (0 0 0 
1) cSf-HBLT [2-1-10] ^ftM, fcS^fS [0 

i~io] *rftic»or»j«i-5 0 itt*£>»ttG>;frrtjtt 
6H-S i ess (0 0 0 1) 0S<£>§tna®T-&s { i - 
10 0} ffiSr^^t?*? 9 , ffOTM6H-SiCl 
S (0 0 0 1) ®±|:g H B 0 MUGaN^)7r7^ 

20 i^M6H-S i CSfi (0 0 0 1) ffiJhfcl^jSU - 

[0 0 6 8] K3jfa<D&\Z.m* : f&f$L L,tzm&tenM<DJ& 

[oo69] mmcomm a ) *mm(o&m a t*, mm 
MMifrbmM<DMn3<DmMmx$>v, -^yr^rm 
tocs^M g Ai 2 o 4 (r^y^T^^tv) mm<r> 
30 (ill) m^w.i,fz^^±mmm<Dmmtm—x 
#>s 0 ^xr\c *njfi^ffi8"t?f^agL.fc*nx«js*ffi 

[0 0 7 0] Mg A lASStO (111) BXICgft; 

£\ M g A l z 0 4 SK (1 1 1) g^GaN^ <D^- 1° 
**is-YA'M&te, (111) MgAl 2 0 4 // (0 0 0 
1 ) GaN, [-110] MgAl 2 0 4 // [ 2 - 1 - 1 0 ] Ga 
[11-2] MgAl 2 0 4 // [01-10] GaNT'fc 

So 

40 [0 0 7 1] ^oT, Mg A 1 t OMWL<D (ill)® 
-LKBi U [-110] ^ftf- {10 0} fl5«r&tr»«B 

fcSW3 [l 1-2] ;frftfc»oT»ffi£^fi£-*- 
S 0 HU#*OflUflJ<^^|pIttMg A 1 2 0 4 Si (111)® 

©RMffi-e&S {10 0} ffiSr^A/-«3 9 . S#<^^tx 
f*M g A l 2 0 4 g« (111) B±lc:***ftUfeGa 
N(7)7T7/^S»LTia:T^5o rtL^co^r^co 
tfcliifl^SrMgAlAas (ill) ®X 

[0 0 7 2] 1 *(6jfl5^^»SUSrJg* Lfc^fi^ffi^ 
50 MMl rtt&StSBSrfflfr'&fclirT^figLfcS^ttll 
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m<omm 2 * r^mm<Dmm 3 ^n^ttm-r^o #n 
mm 4 i:(^^T*fcofc 0 

[0 0 7 3] (Sffi«9) i5 (a) tt, 

»ffi9lc:j:oTf^»SixfcGaNIR<D*aHS:*-ro H 
5 (b) fc\ *^tt<Df 1 9 t^Sf 5 G a NB(^Sfi 
%^-tmX'h& 0 *HJ(S<Z>JBffitt, f77^f7SS(7)C 

OOt, JnX«jgStRilL±^G aNll22^30/zm 

[0 0 7 4] ESc«/Bg&£ Ltt77^7£K0Cgl: 
ttfflLfco B5 (b) l^*LT*>5JDX«tjfiS«l 0 0 

m±lzm&£F?>W\!h%$ 1 1 3Sr7gJ*L*: 0 r^DUifb^l 
1 3fct, *ffim*tf»J"C 5 P«ietel|j5SiR3//m, P0£bg& 
<£>¥*&JS#W S #?J 1 3 mlgt^ot 
[0 0 7 5] tfU^ ±EXS«- J: or fP»*nfcDfliOi«B 
1 1 3^W-r^^nX«jgS«l OOlCGaNRl 2 2 

fflEfcr+SHrfti^u HVPEgtf^l^t^r^y/l 

1 0 2 5 XlX\ ^PXlSigS® 10 0 10^ 
KK if— ^vl"^ y — ^ V^L/^o ^iCGaNJKl2 2^r 

tyrH 2 ^HMtl20 00 cc/min, 10 
OOOcc/mint^Uc^^ lIlMX^fc 
ol/^fj:HVPEgtrtl^^7 0 otwi&srftf* 
£tbfcG a4bf&±\£* HC 1 1 0 0 c c /m i n £r 
MLTG a tHC 1 ^t©R^ftT&5 I I I 
fleitftsW U7H 2 ^ 1 0 0 0 c c/m i n £ £ 
fi^Lfctf;**, *;h^*Urax#jg&« l o ods-fejyr- 

J^rZtlX^ZHVPRjgi&mz&Q&fr. GaNJH 
1 2 2S:#5 3 0 u mjEKSS*fc 0 ^Ocfc 9 LTgj 5 
(a) l^tGaNl«t^6o 
[0 0 7 6] G a N8H 122 <Z>ff#*5 5 /£ m£:«;t;fe:i2 
JDX«JtS«l 0 0*ffi^«UfcDfliOi«fPl 1 
3^iia5^UcS^GaNll 2 2t*a^ fffi 
ffcU&fcfco S&fcjfcftSrtttt. GaNSl22 

Off*** 3 0// mrKiiteffi05*fttt«l 1 0 8 c m- 2 m 

fcG a NBt©iateffi«ft©ttfi, ffi*J:9*#rSn 

*ifeirjf<r. ***^»ii9«>aix«js«ssr4t«u 
rff«ufcritfi«fctt, *«>4sofflj«*«Rti;ii3v^r*ft 
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BS*ffi^^9sx^tt**Lr*5e>T, PIDHi 
«r*Lru^rt>rtSflW^ff*H[|»v\ 

[0 0 7 7] £*±, #**0>#tlK:*5V*rB\ J&*$*L 
5Sft«*»*i: Lt G a Nfrfll^Rn Lfc#, r*t£ 
ffiO»fbl*¥*fl^ MtfAl,Ga,In^N (0 
^ x ^ 1 N O^y^l) ^ *>5^W\ A l,Ga r I n 

(ffilStt 1 0 %J£*T) Cr, V, Ti, Nb, T 

a, Z r , Sc. T 1 , Gd, La, As, S b ft 

io ifo5c*"cit»Lfc*t»r*>ort>Av\ 

[0 0 7 8] (SgJfeCDJgJB 10) m 6 IS, ^HJScO^ffi 
l Otc:J:orfP«**LfcLD*^«aSr«ur5o 

#*nx«ffigjR2 o oiiLLi^ moc wmmzm^^x 
mytm^mmt LrLD*^«jgsrf^«Lfc«r*s 0 

[0 0 7 9] KTfc. **tt<z>«JIB«>*8WWB** : ? : ^ 
[0080] *i\ *«^«J«2rRMbfc*jferfP« 

20 (^nSGaNg) 2 0 0 &MO C VD3£«f£»i£ U 1 
0 5 0°CX^-^/U^ V-^>y&ft^tz. 0 MOCVD 

ma\zmm£frx\,^mn#x<Dft^ vmmnxxti, 

TNH S ^^, I I I^tltTMG (MM^ 

#*Sr/BV\ rtfifl«1 0 0 0tt»l(OSi K— s^n 
SGaN|201 Sr^ffc»*a|[flE«5e±JJ:3 ju mj&S£ 

[0 0 8 1] «wc* JB2©^5y K«Srf^«-r-5fcae) 
gf^^UNH,, TMG^TMA ( h y ^ 
30 /UTAs^-pJ*) Kt^ifttUSiH,^ 
SrfflV\ S i K-/nlAl 0 .iGa„Nl2O2jf 
0. 4 m mJEtgS$*fc 0 

[0082] &ki, <mz<o%ji4 Ym^vm-tttmz. 

BR^tttNH.iTMGSr, K^— ^*Ett£: Lr 
S i H 4 #;*S:fflV\ S i K — /nSG a Njf 2 0 3$: 
0. 1/im^S^-^fCo 

[0083] m4<D&mtt#7*&tm&ft&r 

&fc&\Z.mW#Xk lsXNH 3 , TMG t TM I (hy 
^/^^v^A) Kt^tl»tLtSiH 4 # 
40 S i K-^nl^Mf^Fl n 0 . 2 Ga 

o. 8 N ( 2 n m) / I n 0 .csG a 0 .9 S N ( 3 n m) H 2 
0 4Sr5«fflfPHLfco «v^r, JhKi^F&ttJl* 

r L*toftl^ <fc p l^piA 1 „G acaNH^SSlUf 2 
0 5&3 0 nm^S^-iirfco 

[0 0 8 4] »5©*Xf>f K»«:fP«-t-5fc»fc 

JE^^^t UNH,tTMG^ T^ir^^FM^i: 
ltEtCp 2 Mg (tr^^^/UV^ 

SrfflK MgK-/plGaN§2 0 6 
50 SrO. l^mfigg^^rfco 
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[0 0 8 5] me<D?7<y K*«:ft*rSfc» 

flitf&tf^t LtNH, N TMG TMA£\ T^ir 
^^MftitTE tC Pl Mg^§:fflV\ Mg K— 
^plA 1 ciG a,,N§2 0 7 £ 0 . 4//mM^f 

fee 

Ig^^UNH,, TMGtTMA ( h y ^ ^~ 
^7*/^ = **) 7?t^tt»iLTEtCp 
2 Mg^^V\ Mg K-7 P piGaNl2 0 8^ 
0. 5 u mf&m^ltt-o 

[0 0 8 7] ££>t^ LD^{bOfc^(riEmffi2 1 
0, ^1^2 0 9^^tb-€ttMg K-7 9 pSGaNl2 

0 8, S i K-7 P nSGaN|2 0 1 JLfc:»j* L,fc 0 ± 
«LD*^«Rt«)naMli:pSUB<Z)afJB*jfctt. 3fe^p 

[0088] ±iBLDiR^«iStt, mm<Dwm2 

-ef^»Ufc*ffi<D5pffl*n®G a N«S;WV^dbnX#jt 
Sfi2 0 0S:«ffll» SUftOflgffi 1 * 3~9Wtf}£ 

*Jfitf>fl5ffiTWG a NWh<DMf&b*mM<7>MnT*<DLr> 
[0 0 8 9] 1 0^±oTf^«S^fcLD 

ctox f^§g s nr- l d %mm<Dm mmnm. 
[oo9o] mm<Dwm id i7it *£gft<z>jgn 

1 l^J:oTfS«Stbfc*3t*T-«IJtil.rLED*^ 

[0 0 9 1] IIJfiOJgffil-ef^SJSnfcnSGaNJRW- 
#*nX«iSS4E3 0 0S:MBE*a^JftaSL, %X<T>n 
SGaN|3 0 li:2Mm*ftSffc 0 ^2cOn 
S^-t^F I no.«G a 0 , 5 Nl3 0 2^:4 nmf£ 

5 CpiA 1 0 .iG a 0 .9N^^E6ih@3 0 3 £ 1 0 0 n 
3 04^0. 4 /im^ftdiirfco 

[0 0 9 2] Sfefc, LED*?ft©iS:ft, jE««3 0 
6. Am«i3 0 5£r^*v^*i,Mg K-/S3(OplGa 
N^y^^ M3 0 4, |l^)niGaNi3 0 1 ±_\Z_ 
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[0 0 9 3] &mM<DMMl llC±oTft*£*LfcLE 

-**<ott s 8 %«±#& t, m&tamicxz LED* 

ft, HLEDjIfS: 1 0 0 0B*|Ifl«O««KRfcjWtfc 

OJ:5*««tt^i^v^LED*^s3IS't?t*:<z>^A, ± 
10 £ JgJfe<z»gffi fc J; 5 l&ffitt Aofitttt <fc rMTOtt 1AK 

[0 0 9 4] ±i5LED*^«5fitt, Sllfe^^ffi 

1 "e^SLfenSG a NJ»2Sf*^fc^X«SSffi 3 0 0 

G a Nl»^J«fc*^i(B©^ffi^OLD*^«liS<OfPiJ 

20 [0 0 9 5] (m&<DJ&m 12) d 9 ( a ) 

<35?KIB^J:oTf^»S*ixfcGa NJg|4 0 5<DWf&m&7J< 
-to 0 9 (a) (GaNi4 0 2^Ga 

NI4 0 5 ^MI) fffl9 (c) <Dm4 0 3<DW& 
«i-»£LTV^5 0 **J6©Jgffi 1 2 t77^7 
SK4 0 0±lOj£if|j#gLfcG a N/^:7;rJf 4 0 1 „ 
GaN|4 0 2, G a N§4 0 2±l^^^c«4 0 
3, ±IEi4 0 3faot4i:^S4 0 4 < hGaN 
fig 4 0 5j&>*>fl|*;*;h/rv^ 0 

[0096] ^mmoomm 1 2 ^ss^ft^o^ 

LfCo t7r^7lte4 0 0^MOCVDft^ 

rtfcHKiHU SWSi i oot, H 2 Si^ttn o 
^m^—^^^V—=^>^frotz 0 #e^T, I I xm 
WMt Lt h y ^/lotfy *A (TMG) iv^®f4^r 
U7^^7 (NH } ) &J«ft^rtfc:«ieU 
*55 OttG a N/^y7ri4 0 11:30 nm|gl 
fco ±KfSfi«\ GaN^5/77iWl:AlN^-/7 

40 7ri4 o i &f&&i,tcm, m&um&i 0 5 OtDS-e 

ff-M^^TT. GaNl4 0 2^3//mM^tt o Ifc 

GaNS4 0 2it«fi*fitfcSS (KT, 1^7 
7 JTHZG a NS®^fEi~ 0 ) S:MOCVD81Pd> 
£>&9ttiLT. GaNf4 0 2i±i:FIBMffiV^ 
G a N^f 0 iI^Lt< 11-20 >^fR]^St4 0 3 SrJg 
figLyho 840 3^fflOS®f*G a N^ H ^^#Bi®T*fc 
£ {1-10 0} ffi«r&XyW§ 0 rot #J^?gfiK$Jx 
fc»4 o 3<z>±a5Hfc»ffiHSr*ix^H9 (b) ir0 
9 (c) lOTlti^o 19 J: 5tc, figS® 

50 ffllfciG a N«^K»te>ixfcS«i:*oTV^S 0 
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[0097] »40 3 W\ mb = 5 fim, 8i£ h = 2 ^ 

mx\ mtm<offlffi (i mm) L=io/imtw 0 c 

^0. 2Xbirf^ 0 

[0 0 9 8] ±K*ttfcJ:oT»J*Snfci*4 0 3 
tfGa Nil 4 0 2JbCGaNg4 0 5£rHVPEfe£r/8 
V^T2 0 0 /imfi£5Uc o r0GaNl4O5<7)M* 

[0 0 9 9] *i\ ±my-7T4Ttt%G a NKSRS: 

wasafcr+^aafru HvpEfenrticiiai-t- 

0 0 c c /m in, lOOOOcc /m i n "e*l^ Lfe 
I I I i^^^o^tfiH V P EglrtW^ 
^70 OXKDMmT'&fttStltcG a &»±M, HCl^/ 
^ 1 0 0 c c/m i n^MUG atHCl tf*b<D 

Rf&£.&ytn*ibZ> i i iiltt^tyrH 2 ^i 

0 0 0 c c/m i n t Srig^Ufc^ Sr. -tivPixHV 
P E^ft^t^ii (9 ii*, G a Nj@|4 0 mj£ 
fiSiirfco G a NR4 0 5 tti4 0 3 Sr^taft* * 

t¥?tmgiit 0 3te^ii»«-cG a njh4 o 5<Dmm 

*^#&tf>7f£fll 1 2T#btl^G a NR4 0 5 <£>mi»fte{£ 
Mi*10 6 -10'cm- J tfcof: 0 HufBUlft 

[0 10 0] i4 0 3^»fffi«J«tt«^"C&ofcdS. G 
aNM4 0 5dSriKfti-SaBT {1-10 1} 7 7 ± S> 

hm&&aj8tft$tiit (H9 (d) ) 0 rtifi {l-i 

0 1 } m^(D{6l<D^mcit-<XG a NCOiBfifiJcftifi 

0 3 £:< 1 1-20 >*fp]^JgtiK Ufc<35tt, £{fc»¥* 
^^00 O&MG a N3|£i&) ICSLT, {0 0 0 1} ffitz 
Jfc^Tttfl^ftigafOii^ {1-10 1} cg^«4 0 3 

(Dmmmb ^xm^^^t^x^o t£or. afk» 

¥3MMSi&£> {1-101} S (fc£v^3::7 r ir;y 

t lt) &$tti>z>jjmT~fot%\^ ±mm<D< 11-20 

[0101] G a NI4 0 5 ^4 0 3 SrffljffiSli-Tl^ 

fco GaNi4 0 2±CM*tlfcl4 0 3«:, G a N 
14 0 5(D&%:b b i>\Z.m<Z>&£&m< *ofc 0 ^tt 
{0 0 0 1} SoTO^e^ {1-101} SaT-cr>^ 

5tejl;tSfc«re*>5 (0 9 (d) ) 0 o£9 % {1- 
10 1} ffi^fi&OSSJ: HGa NcO^^cSig^^^ 

fc#> (»Bttttli£iBaiftW . {1-101} mem 
&LT#fcG alg^G a N £ jfcoTJS <9 i£**t£BUM 
{0 0 0 1 } m\CG a|R«Sti:#fflSttTL-4V\ {0 
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0 0 1} ®±TNg-f <!: j*^LTG a N^ft^ 
b^TLhfo&o 

[0102] G a Ng| 4 0 5 ©»iBffcKj&S«if ICO^T 

{0001} ffi<0j**ffi«#«d> u { 1 - 

10 1} 7r^y hffiTm&fttcE.ftMm<DWdhJ&Vt$: 

&-rz>m&&f& zti&o ^(Db%(Dffi&&m9 (d) <d 
mmx^-To m9 (a) tp<Dmmzm9 (c) «4o 

3tC»lSLTV^S 0 *fe^GaN©JgSj«*dSittPtet 

#HiLifc£*5 {0001} ffids/^v^cfeic ( { 1 - 1 
10 01} 77tyhffiU4v^ftl:) , ^tftt {l-l 
0 1} 7rty hSB^3»fifiKSLi&«>S 0 r*Ui, {0 
0 0 1} ffi©*ftdSM8fttt*lPl^ft*x**>-50^SEtL 
T N {1-101} 77tjy hffi^jftfittlWaM^^^ 

(O {1-10 1} 7T**zy £ 
otM4 0 3^1i(?fei?)5 0 U^L*dSt>, {1- 

101} hW"ejPHB^«*>*bS*-c«*«i*rPi 
fcricfta*«^^fcfc«>, tt^>»$^«4 0 3 ftjgrfiu 

20 9i&3*fc:< < fcoTi^s) »»<z>P5» 
«S(:j;oriSMgltt/5:G a Nfcttfc© 
^5^, ^^F<7^|$AHHr$]lli^oSv ^ til J; *) s&^MJg-^ 
^-ft-BRIH2S££5 0 rco^«^^rlH9 (e) 
i~o 0 9 (e) *ti€iiB9 

(c) tB9 (d) <^&0^#/SLT^3 o ^±cog 
HasaiH«5 4 0 4Sr?gfigi-5tcoi:*So 

[0 10 3] ^c^J: 5^L-T^S*bfcSffl»4 0 A\z. 

30 J^M^ ^^/W^SI^oT^giU 0 4dS«|*S» 
{1-101} ^r-feix hffiSrftWaSi: L.TKiitefi: 

[0104] mm¥m&mm±izM&£thtcmi$<Dm 

[0105] (mm<DMM 1 3 ) ^mmcomm 1 3 
mmco&mi 2com^^it^m^^<D< 1 - 1 

0 0 >^{^|g Lfc6JL^ttHJfi(Z)?g<g I2t raiR-efe 

[0106] seoT, %m<orm \ 2bmm\^ m 9 

(a) - (c) SrJflV^T. ***^»tt«r»M-t-So 
[0 10 7] 13 9 (a) fi, t77^7Sffi4 00 % G 
aN/^77l4 0 1, GaN|4 0 2, G a Nl 4 0 
50 2±\cm&tStbfrm4 0 3, HU|S^4 0 3dS«fig**bfc 
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GaNi4 0 2±|:GaNl4 0 5Srai^ci:#, mm&ifitt&t&lib^ k {11-2 0} 77tyHi« 

GaNR4 0 5fcJ:o-c«ia:**u-fi;:aofcsS»»4 0 **S;lvW<* Steffi^*, (11-22)S^(11 

GaNK4 0 5Wi*SfttV^o fcKU H -23} SK4HgL Lfc 7 T * * h B*Stft5. 

9 (a) «t»<©fl6»tt, &4 0 3©»«4:*tfci!)t«t [0 112] rcoj: 5 ft, gBi^rt^hSW 

±IB®Lfct>^r*fc«9 N G a N^4 0 5 SrSWIi-5 £ £ -*-5©K£, II 1-2 i) ®^ (000 1} ffifclJfc^T 

M<fcoT, M»tv^t^fii*f$ 0 GaN^ B H H fi£Sig«^il^fc^T*fc^ 0 {1 1 

[0 10 8] *^S5tf)JSffi<Z>Ga NJ^4 0 5 £>« -2 0} Fffitt, {000 1} l^»LT 

^CBSrffifflU/Sio *i\ t77>frSffi4 0 0£rMO [0 113] *HJfi(DJgffil 3t«4 0 3 1 - 1 0 

cvD36B^id«aiU £«*g[tfi 1001c, H 2 ^ffl 10 o>#flt^/«Lfc«>te, ORNciGa 

^4>T*1 0^^—7/1^^ y— ^^^SrfTofeo tt^ NJfefi) MULT, {00 0 1} ffiMft^T^tfc^ 

"C\ I I immnk IT h y ^^vi^y £A (TMG) S<Di§^ |ll-2i) i (0^i^3) §:»4 0 3 CO 

iVRTOiUr^T (NH S ) «r*ftJPrtl21« flHlffii:bTUiaS-frSfc»-C&5e «£oT, »t4fc¥ 

*SU f£S2&*5 5 OttG aN^^77l40lSr3 WfrJ&A<Z> {11-21} ffi ( £ V :7 r S> hffiir 

OnmMLfc, ±IBfifc«fci\ G a N^^^rJB«*H- LT) ^m*b5^jfe"C&ixfi, ±fef«60< 1 - 1 0 0 > 

AlN/^7 7 7i^fflLTt|l/\ me^S^TJB ^fifcRSfcO^teftVN, GaN^4 0 5«4 0 3^ 

1 0 5 0TC*T?^-fflS-frT, GaNf4 0 [01 14] GaN|4 0 2 _h^Jg^Sixfcj«4 0 3 

S$^fc 0 G a Nf 4 0 2 ^ t^fa^f t fcSK 20 G a Ng4 0 5(7)^^ ^ t M^^^< *o 

(HT, f 77^7tttGaNStt^iSf 0 ) &MOC ft a £*Wi. {0 0 0 1} ffi-e<0^fidS {11-21} 

VDgTO^fe^LT, GaNf40 2 ffiiiMK/S B^CD*g»fftfi «fc 9 fcip-V^c^M^tl* £>i* i-l&ftW 

W tyx y/feSrfflv^TG a Ngf B |^Lt< i Xfa^&mfri&mZthfrtitb, fcfca>fc«<z>«i*as«!< 

- 1 0 0 >^|pj^»4 0 3 £r^j$Lfc 0 «4 0 3 ©flflS fto J: 5 KJLil -5 ^c«)t?S)S 0 o£ 9 % {11-2 

ffiteG a Njgfi(Z> {1 1-20} ffiSrg"A/-C^5 0 i } ASsS* {0 0 0 1} ffij: 9 fcG a NO^^fiiSft^ 

fc*l^fiK*tbfc»4 o 3<35±ffiHi»rffiia***b^ix «v\fca?> Gftffiltftftffigiasft^) , { l l - 2 i } ffi 

09 (b) £09 (c) t^LT^<5 0 H9{^S*bS It ^;G a K^G a N ft o Tj? ^) i^t ix§ 

£5t-, j*SBB«MGaNI»dSKtte>ixfcStei:*oT ftfi fn joooi) BfclG a JjR^set#fflSJxT L*v\ 

v '&o {0 0 0 1} ffiJzTNU^iJtt^UTG a 

[0 10 9] M4 0 3\Z, (6b = 3Mm > i££h=l v 30 i: bH5 0 £ b^ffSW^BI^fe ir £ *HJS 

mx% Mkmomm (imm) L = 7//m-e$><5 0 <DmnTmbtifr±mm<Dm£^ mm&Mmi 2 kit 

k%<Dm<oiBb km<om$hk<DM&t£. h^o. 2x ^t^>»o^ 0 ^itua* MM<Dj&ni 2<d {1-1 

bWcLTV^ 0 0 1} :?xl?s> h®«btt^5£, {1 1 - 2 i } 

[0 1 1 0] ±|E^j£MJ:oT?gfi6Stbfc»4 0 3Sr-g" ^ hffi (0^1 ^3) <Z)G a NSfeAfifcftigft^VN^fe 

tPGaNf4 0 2±l^ m&<OJ&m 1 2t0«|^ HV (*ffite«ftffi«as*S^) , ft SlW^ffi* oT 

P EffiSrffl^TG a NR4 0 5 S: 8 0 mfigft Lfco G (ffiiB«$ 4 0 4 < ft5) fc fetL 

a N^4 0 5fi^4 0 3 «:«» S^T^Jt^rtft Lfc 0 5 0 S£oT, «4 0 3 &< 1 - 1 0 0 >*rtJ^»«Lfc 

*m««tG a NI4 0 5©iEI§$:fTofc^ ffi*«B54 0 4 Sr»fiR Ui^< V^»tb3JS*S 0 SWB 

5, ^^y^fiStLTV^ofc, *Hffi«13 «^S^lt, i4 0 38r<l-10 0>*fl|:»« 
■?#fe;ft*:GaN«4 0 5 <Z>JT«teffi«fttt#U 0 6 - 40 LfcS^I^IS 9 , h ^ 0 . 2 X b * fcfct h £ b <£>[Ht££ 

1 0 7 c rrf 2 -C&o/c 0 89fE^16^ffira«il2: s iSfcLTi^Tfc, St^JSSSJSrf-^r-f TSK^-CIBOT 

1 O 2 ^c^^^^y^ 0 ^->'^^LT^ftV^fcft, ^ 0*9, />ft< k i>&ikfa¥m»&fc 

m<Dm*A*p5<^kfrx^ti 0 4 o 3<Dj&mz&Lx^z> z k$m-£ jlies*^ 

[0 111] «4 0 3<^>WfEJg«ttffi®t?feofcd5, G ^Tttftl^J, ^OJ: ?\C~r&^kX\ {11-2 

aNR4 0 5MSt5Mt (ll-2i) 77ty 1} 7 y ± V V LfcG a K^^»05JiE«P t G a 

M^SBM^tl^o i ti\ 0^i^3tfo Nf4 0 2$i ( {0 0 0 1} I) ^Si^ffiJ 

6 0 {11-21} Vy'ty ha5dStt«aflHflEi-S<Z> ix, { 1 1 - 2 1 } 77ty hfficOfigfiififtSrJp^ 5 r 

tt, ^S^iot, SflM77tyhB*JEftt i:*s-e#«(0"ettftv^i:SfcixSo WfESI^JEWI^et 

»i: I I ltt«»<o#ffittfc:##u vttW»/i II 50 GaNi40 2*H^Jt-<T, J»»tt*^^A9K: 
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^bii&o — mv>&«n&'9-7T<<T<Dm&s {i i 
-2i} ^r-fe:^ hffi35»e>et#tBs*tfcG am^-tf-v-y 
T^r±ka^Hmuc<^^t^bnxf {i i~2 i } 

7r±v rtffc*. { l l - 2 i } 7r±y 

ttfllTlE^Jfc^<T#*^a<*oTb*V\ 3g^gfl4 0 4 

[0 115] ±*Lfci4 0 3 ^fig^tL/cG aN!4 
0 2 ±<^fig;SJi, G a NJ^4 0 5 O^BHfiJcS^iltf i-O 
{0 0 0 1} B<DJ*ftK8»S«il>U ftftttfctt 

{1 1-2 1} 7rty hffil?H**bfcHftJgtt<Z>l!flia 
»«S:tt51#»*Sft5o fc«U {11-2 0} 

[0 116] Jifa^riro, hfft©5fe, *tf>«ffiffii 

LT {1 1-2 i } 77tyFB (0<i^3) aSffl^ 

dSitt?t, Gfc£ttlL5fci*5 {0 0 0 1} ffi^/jjV^fc* 
\z % {11-21} 7y±y hffi*te*«ftU» 

fe^o r*U3\ {0 0 0 1} a5^ri£ftdS^e*lr*rfij<z)fiE 
gTfe5W(^LT, {11-2 1} ^T-fey hB<Z>jft 
ftttWKWfc^T 1 ^^*^ W**lc»tt«*fl) ^ 
Oj£gTfe£ 0 ^co {1 1-2 i } -7y^y Y^<F>$lMz 
iS*&*5^i^J:orflUf|5 4 0 3^1* 0*&«>5o 
Lft^sfe, {11-21} ^r-fesx hffi"C»»dS«t?n 

J* 4 0 3 S:»j«Lfci:#«)iS* ± v> ^otv^r 
Pi P 9^b7r7 /H&fi <fc o TifoliffcR: LT^fcG a 

[0117] -jj, m<onmmtvx {11-20} 7 

7*:y hH5#mSLfc»£\ 

{0 0 0 1} m<D$L&mjjfa<D$L$:h^ (11- 
2 0} 77ty hffi^^/lotffnj (fiScft$flt-^LT« 
^|pj) ^0>J*fti&SHCfc:fi*5 o {11-20} 7 

7 -fey hffi^fi^J:oT»a4 0 3*S«* 9*&»So 

u^u*^e>, {11-20} ?r±v hffiT~mm*m 

as£JB«4 0 4Sr»*-rst>©ir*5 0 
[0 118] r<z>«t5ie:UT»riJS*tfcagiH»4 0 4K: 
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£WM-. 77 t 7^fi^J:oTffiffllB4 0 4#ii5R 
t(ll-2i) ^7i?s> hSWSi: LTKiifcfi: 
* s *ft«i*rftA^*tt^r|pjl^»f*t*^5fc«)|c:G a NIK 

4 o 5«Bi^si^sjrateffi**tffi»t-5t>©i: 
[0119] mim¥m&mm±\m&£frtcmi®<Dm 

io [0120] *m&<Dj&m&£?\ztim<o%ft$:< i - 

10 0 >*Wfc?grilUfc»*, Utt^tRl 2 TlEili L 

7 1 7/^fii£«ttit< > G a N^4 0 5 0DJKff^J?<@ 
**<£fc* ¥S*GaNl4 0 5^^im 

[0121] *3Mfico»IB«>*iJffl^J6i: LT, 
*^T><TK*R4 0 0Sr«F*«l"Cai?St9, GaNK4 
20 0 5 LT, GaNiStUttfflfSrttt? 

[0 12 2] Wfc:, 36*»-T5JSH4JiSr*f 4***^ 

^ i mmLt'cote, mn<D*Pik$N^ ^t^/u^cd 

i-5ir, <l-l 0 0>^fRi^»*L<, ^oT, Sto 

/SLTfc&V^L. JB**^*:^**, t77^7Sfi4 
0 OSriO^BioTtav^ 

[0123] ^mm<D^mx*7jki^r-mu<o^m^ < 1 
- 1 o o >*ifij^e>± 5° Krt"c*>*t»f*sajto!>«ffii: 

*f^I^^oV^Tt>< 11-20 >*|rJ^&± 5° £U*j-e& 
50 ittOMBtt, ilESItt^tt-CJiS^fc^T-fe^ 
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[0124] (mm<DMmi 4) ^mm<ommi 4^, 

[0 12 5] *Hfi«T«^/hGaNi5 0 5 

<Dmm%m 10 (a) ^*-r 0 bio (a) f-^ r 

^TSft5 0 0, ffiGa N/<jx77i5 01, Ga N 
15 0 2, 0 GaNl5 0 5, ^^paG a 

GaN«5 0 5<o«|J6if«fe|;:o^^lftM-rSo * 

ia«i loot:, H 2 #igtti o#rai*— -rflst y 
^vK#y^ (tmg) ^vTO^trry^r 

MG a N/<y7rl5 0 1 3r 3 0 n mjfcft Lfc 0 -fcf&S 
ft ft, ffiG a N/^ 5/ 7 7l^(ufiiaA 1 N/< 5/77 
WSfcttiSJfiA 1 X G 8,^^771 (0<x<l) 

mtte, 6 0 OtHT©«fiiaftx?iftft^*S:*ft 

[0126] maBiSia^s'^rJB^ttfitttt, * 

fBStfc5o MGaN^5/77i50 l^fttfc 
fg, KtRS&ftSrl 0 5 O^-Cim^itr-C, GaNl5 

mmmmm^m 10 (to i^i- 0 fij&GaN^^77 

1501 tt*fiKt?*>ofc^S % GaN|50 2 ^li~ 
Sfcfcfc, ^«M«Sr^*< H1 0 0 0X:Sk_k\z±\rr 
5fc»* *ftK^b*iK*^*ft:-*-5o ttoT, G a N 
15 0 2 <7)MG a N/^ 7 7 ifi, ^Ofhifffi 

[0 12 7] JfcJ^, gfffSG aNf5 0 2*tgMSL 
fcS*ESrKJ£f4>r^-^^^^^3S«{j:-fe2y h U Ga 

Ni5 0 2ffi±|C«5 0 3^MLt o ^<Dk%<7>m<D 
Mf&&mi 0(c) (^-T 0 »5 0 3lt mb = 8 fi 
m, 3§£h = 3. 9 9/imt\ «^»0|RRR (lHffi) 
L= 2 0 /i mT'fc^o r^J: 5t-»5 0 3£>/£8WS{£i& 
G a N/< y 7 7 ■ 5 0 1 l^ait 5 J: 5 l-J?fiK t fc e » 
5 0 3 <DjjfotemM<DMW 1 2 *fcteJSifc<^ffi 1 3 <£> 
£51-, <1 l-2 0>*"fSltU<tt<l-l 00>* 

[0 12 8] ±fB^«fe^<toT?gfiJc$*tfe»5 0 3^ 
tfGaNl50 2 ±{Z S %M<OWm 1 2t H«fCl, H V 
PEffiSrJBl^TG a NJK5 0 5 £ 3 0 0 // mj&ft^it 
fc„ ^<D&$k, GaNR5 0 5tt»5 0 3**iU¥ 
»fcf8« Lfc 0 3fc^«JS«"CG aNB5 0 5 COSSS^ 

fa<DBMl 4X*mbtlfaG a N§5 0 5 <Z>JTiiteffi«« 
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[0129] GaNg50 5«5 0 3?r«ilT^< 

G a Ni 5 0 2 ±1^* hfcit 5 0 3 tt, GaNB5 
0 5 0*fti; i: 4ofc e C*tf4, flt 

5 0 3 ©/S«fB<Offi|l36SftaG a N/<5/77l* tilt 
^T, BEj«5 0 3©jSlfPtt#*fiOGaN^e>«|**n 
T^37c#>T*fc£ 0 o£9, i!B»5 0 3^GaN 
10 15 0 2 ^ffi (fiffi) ^ttfigfitt^lfij^G a Nf^fi 

^IShh G a N 5 0 6 

3!*, i50 3#i*Ol;:<<4ot, 

[0 13 0] El±<DZhi>*t>* 0 4Sr?gj*i-5 

IStLWO^^m^o »5 0 3 JEWING 
a NJS 5 0 2 C^Sffi «\ {0 0 0 1} ffi<Df&M 

20 tt^rft^fii:. SKftttir^LTfll^lpJ (777/^ 
ft) 3lSfi*S^I^C^jB#"CU^T, inFlE^^/i" 

i*5 0 3«^ ^Sf B G a N 5 0 6 (^fc^ll^^^^ 

mcomztms o s&mfSti,it «t 9 1 

*gP^^B S aT*fc^r GaNJH|5 0 5 £ 

ttl«Wto4iSot*ftt5r ii&s-C#i*, «503 

H^GaNS5 0 2^«ffi (£hg|$) ^P,©7T7^ 

30 «^J:oT©*»HBr4*«*ix5o 

[0 13 1] #g|GaN5 0 6 fitSl^fclSfcS 

ffiJHSB 5 0 4 aS#M£*G a N 5 0 6 "CIS* ofciL 
Tt>, Mf 0 G a N 5 0 6 ©il[±^G a Ng 5 0 5 fil 

[0 13 2] r<DJ:5l-LT?B*Sixfc^ffl«f|55 0 4 t 
l<(i» B GaN5 0 6(:j;oT, £ H« 

*tft^5fcJe>^G a NR5 0 5 05 fcpjig-?- Skills 

[oi3 3] *&m<Dwm<Dmm&fck it, &ipl&, 
t77^rsffi5 o o^mmmxm^m^), 3oo//m 

©GaNR5 0 5«r»!)«:U, GaNSStUfffl 
[0 13 4] &Z>\,^ **Mit^P)tl/cGaN 

^5 0 5_h(r. mMtommi otLtitemif&<DBmi \<o 
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[0135] ***+5flHMfcw^s*^«\ 

[0 13 6] ±mm&<Dt££:mfrbl iimMl,tz<D}^ 
M&<Dtp£:M<D{tLm\Z, 7T7/V^fO^, GaNlg 

< l - l o o >^rrRjds»4L< , t£oT. m<DM& 
<i-ioo>*ifii , efc5it3iSff*t 

t77^TS«5 0 0£rffjr&oTt>&v\, 

[0137] &mm<D&nx*}*, mmz&tg&G a n 5 

0 6«*f5^^iaoT^W5 0 4&Ml&£tlZ> 

^hir^M^fi, h^o. 2Xb, tKiih^bt^ 
[0138] (mt^ffi 1 5 ) **J6cr)?gffi 1 5 

mm<Dmm i 2<^«^^^[:^^ft:^^[ 1 1 - 

20]t[-211 0]^lpJ60 2*(pJ^^;bfeK#Ktt|| 

[0139] &mm<Dmm<D. g a n^^^-s^, 

*|pJK*. 2ft»¥*<*<Z>[l 1 -2 0]#fnk [-2 11 
0]^f*K [1-2 1 0]*InJ0 3a*)5^r|oJ0 5*j, 2 

[0 14 0] «rl5«tt, lb=10/im, g££h = 5/* 

mtfcSo rcor £MJ: 9 KfflteffifttfasjKi 7 x 1 o 5 
cm- , |i(8»Lfco ±ffi»f*, h^0. 2XbOH«S: 

Ml4^j:5(^ *©Ii£«<Z)ffiK^ % ffl/<5/77i 

[0141] mm<DMmi e) *mm<D&mi era* 

2 0], [-2 110]. [1 -2 1 0]^ffil^?gfiELfcJK 
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[0 14 2] *3Bft0>Jgjjg<?!>, Ga NR<Z>Jgfi8^ifett, 

i 2i:W««)*i6-eff«ufco fcfc'U ®co 

^TlRltt, aflS»***<OCl l-2 0]3&fi, [-2 11 
0]*|p|. [1 -2 1 0]#|R)©3«S>3#fij<Z>5*>. £ 

[0 1 4 3] ffiiB»tt, «b = 5/zm, ?££h = 5. 5 
MmT% 9t£i£<Z>|IBHl (1JSJH) L=10//mT^6 o 
1 7 7 7SS±l^g Lfc G a NiOf^li 6 
10 /zmT-fc<5 0 9 »a<Effi*«dS» 2 X l 0 

5 c m 2 ^{£^L7t 0 ±lB*tt. h ^ btf>Hi£££r&/cL 
T^3>^ b>h^0. 2Xbt*fcoTt)<tV\ ^fc, 
^Jfi^Jgffi l 4 co £ 5 »<oj£«B©ffiBdS, ifiiB^ sx 

[0 14 4] (SHtt^tBi 7) *mM<DBmi 7tt % 
*ifc<z>7fi?li§ i 3 o»*-|6jSraft»^*flK3l$S^[ l - l 
00]M10-1 0]^{Cl^Lfc^^||^6O^ 
20 1 3 £|5JC-Cfc£ 0 

[0 14 5] *^CO?g^C0. G a NRO^jSfett, 

^tt, [l-iooim [io-i 

0];fr|pK [0 1 - 1 0];fr|n|(Z>3«&5#ft<Z>5*^ 2 
[0 14 6] HulESttt, fib = 8/znu $i£h = 0. 9 

9/xmT, mtm<ofsm a mm) l = i 6^m-efc 

-So t77^TSi±MfUcffiGaN/<5/ 
7 7iiGaNi^lt 30nm, 1 * 

30 m-c&s 0 ror ^icj; 9mmte{iLtem&ffi7 x 1 o 6 

[0 14 7] iiBSWt, »ja«f|5<Z)(ft«dSfi^y7r« 
*"eai*rSJ:5«-*«?ri£LTU^S^, h^o. 2xb 
(omm, t>b<tth^b(OH«Sr*fcLTV^t>J:v\ 

[oi4 8] {mm<Dwmi s) ^n^iBi s^, 
nm<Dnm 1 3 tD**rtisra[ft***fls«*o[ 1 - 1 

00], [10-10], [0 1-1 0]*fiUdJgfigLfc« 

40 mxmm&j&m 13 tm ct*&z> 0 

[0 14 9] ^mm<0^m<D, GaN8W«*Slt 

*ipjtt, afk«h^*flco[i - 1 0 o]*ipi. [10-1 

0]^, [0 1-1 0]*"(Rl^)3a*>5^|nj©5*>, ^ 

[0 150] BUfEiH db = 4/im, S^h = 0. 9 
8 /i mT\ ^t^60P B 1IS (lia»!) L=10//mT*fc 

f-77>f7SSiMflf:fi^GaN^5/ 
7 7itGaNl<7)||^fl -tix-Ptt, 3 0 n m, 1 /z 

so mtfc5o rcort^j;*9Mii^{i^^2x 1 o 5 




29 

[0 15 1] JhlSfgte, Wt&&(Dt!Lmt>i1&iA'<y7Tm 
xb^Bi«SriBfeLrv^5*s % h ^ b ©BI«Sr«fc LT 

[oi52] (mm<D&m i 9 > *&&<»im i 9 

»^rRiS:< 11-20 >^rr^t < 1-100 >*-fRii^ 

[0153] ^m<r>Wm<D, G a NR^fifcfrafcte, 

^Lfc 0 fc«u sms«mmim*©<i 1- 

2 0 >ir rsj Ki-100 >*-iRi"CS>5o ftfrfefflte, *s 

b = 2//m, 8ESh=l //m-C, jft£i&£>N]Rl (1JB 
MB) L — 6 /i mt'fc5 0 ^7 r >T T»R±fc:fi8S 

UcGaNiOfW2//mt*fc5 0 ^ c£> ^ £ f;i J; 9 R 

iiteffiflSftaMfc 5 X 1 O 5 c m-*fc<£« L,fc 0 

[0 15 4] ±E«fi, h^O. 2Xb(Z)iMIfcl 

t^635. h^btfcottM mmcDwm 1 20 

[0 15 5] 

[0 15 6] * fefci, J:Eaft»^W*«^«life^J;o 

[01] *mw<?>mmcoMm 1 <osffc»¥#*&*iig 

[0 2] **MO*j«^llfi 1 <Z>SDXfl|it««Sr*-r 0 40 

[03] *«M<^iiiaojigffi2<3!>anx«5gs4RS:^-ria 
[04] *mw<vmm<Dj&M3<DMjLmmmfo%7F-tm 
[0 5 1 *$£m<Dnm<Dj&n 9 <oaix«jt»ftat/a<t 
[0 6] ^m<Dmm<omm 1 o<d u—*??^ * 
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[0 7 ] &&wv>mm<DMn 1 1 o**^>r k*^ 

[0 8] *»MI-*5Jt6*ft**SrRW-*-5H"Ca>So 

[0 9 ] ^mm<omm<omm 1 2 o2fb»¥**«#Kfi 
^7F-r0T*fcs o 

[010] **w^*ife<7>jgffii 4<Dmtvo¥W»igm 

[»*©RH] 

1 0 0 toummmm 

1 1 0 

111,112,115 m 

1 1 3 DfldlSP 

114 tfbgp 

1 1 6 SiBSB 

12 0 G a N/^77ri 
12 1 niG a NR 
12 2 G a NJ^ 

123 &n±<omim^m»m 

1 2 4 »Jbaa^*¥WfrK 

1 2 5 atfMfe¥*& 

200. 300 mm^Mfcmm 

2 0 1 Si K-7°nlG a Nil 
2 0 2 Si K-ZniA i G a Nf 
2 0 3 Si FWnSG a Nf 

204 n^InGa N/ I n G a N^fifi^#F® 

2 0 5 plAlGa NJjKXB&jfcJl 

2 0 6 Mg HWplGaNi 

2 0 7 Mg K^piA 1 0 ,G a 0 . B Njp 

2 0 8 Mg K^plGaNi 

2 0 9, 3 0 5 

2 10, 3 0 6 JEWS 

3 0 1 $$ 1 ©nlG a Nf 
3 0 2 *2©nSi- I nG a Nil 
3 0 3 p§?A 1 G a NjRSSB&JtJB 

3 0 4 ^3<£>p^G a N^l/f? hJf 

400 tJ-^r-Yr&K 

4 0 1 G a N^<5/^r@ 
4 0 2 G a NJi 

403 m 

4 0 4 ffifflgs 

4 0 5 G a NJH 

500 ^yr^rmwi 

5 0 1 i&UG a N^^^rJi 
5 0 2 G a NJ1 
5 0 3, 5 04 ffiJHJfP 
5 0 5 G a NfiH 
5 0 6 ^gf a G a N 
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